Poly(glycoamidoamine)s for gene delivery: stability of polyplexes and efficacy with cardiomyoblast cells.
Polymeric vectors have potential as nucleic acid delivery vehicles for novel gene therapy and oligonucleotide treatments for cardiovascular disease. In this report, poly(glycoamidoamine)s that contain four secondary amines and either two or four hydroxyl units in the repeat unit with D-glucarate (D4), meso-galactarate (G4), D-mannarate (M4), and l-tartarate (T4) stereochemistry have been investigated for their pDNA-binding affinity, DNase protection effect, and polyplex stability in the presence of salt and serum. Also, the luciferase gene delivery and cellular internalization of polyplexes formed with these polymers have been investigated with rat cardiomyoblast [H9c2(2-1)] cells. The results demonstrate that the number of hydroxyl groups and the stereochemistry affect the biological properties. Polymers T4 and G4 have higher pDNA binding affinity, protect pDNA from nuclease degradation, and do not release pDNA in the presence of serum. Polymers D4 and M4 bind pDNA with lower affinity, which allows for some pDNA degradation and release in the presence of serum. Although T4 forms the most stable polyplexes, vector G4 reveals the highest luciferase gene expression in serum-free media and the greatest cellular internalization of fluorescein-labeled pDNA both in serum-free and serum-supplemented media. The results of these studies indicate that the polymer-DNA binding affinity, nuclease protection capability, and polyplex stability are important parameters to facilitate effective pDNA delivery with poly(glycoamidoamine)s in cultured cardiomyoblast cells. The carbohydrate type also plays an important role to increase cellular uptake and gene expression where the polymer with the galactarate stereochemistry (in G4) is found to be the most effective vector for pDNA delivery to cardiomyoblast cells in vitro.